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PERFORMANCE OF A LIBERTY 12 AIRPLANE ENGINE.

By S. W. Separrow and H. S. WHITE.

Bureau of Standards.

RESUME.

This report, on the complete performance test of the Liberty 12 airplane engine, was sub-
mitted for publication to the National Advisory Committee for Aeronauties by the Bureau of
Standards. The tests described were conducted in the altitude chamber of the dynamometer
laboratory of the Bureau of Standards. The program of tests was planned in cooperation
with the Engineering Division of the Air Service of the United States Army, so as to yield that
information which is considered of most importance in determining the value of an engine for
aviation. The particular engine used in these tests was assembled by the Engineering Divi-
sion at McCook Field and subjected to the standard dynamometer test for operation at ground
level, then shipped to the Bureau of Standards, and mounted in the altitude chamber without
overhaul. After the altitude tests it was then returned to McCook Field for such flight tests as
might be desired. Though the question of durability is of vital importance, it can be determined
with much less equipment. Since an aviation engine is comparatively short lived, the tests
were purposely made as short as was consistent with the securing of the above information so
that the engine might be left in condition for many hours of flight tests.

The following tests were made:

1. A full power run at ground altitude at speeds from 1,200 to 2,000 revolutions per
minute.

2. An altitude power run at full throttle and at speeds of 1,600 and 1,700 revolutions
per minute from ground altitude to 25,000 feet (7,620 meters) in steps of 5,000 feet (1,520
meters). :

3. Propeller load runs, in which the dynamometer load and engine throttle were so adjusted
as to produce approximately the same engine load as would be imposed by ‘a propeller at
speeds from 1,200 revolutions per minute to the normal full load propeller speed of 1,700 revo-
lutions per minute. These were taken at altitudes of 5,000, 10,000, and 15,000 feet (1,520,
3,050, 4,570 meters).

4. Friction horsepower runs at ground altitude and at 15,000 feet (4,570 meters).

RESULTS.

Some of the outstanding results are given in the accompanying tables. Correcting the
results to the standard barometric pressure of 29.9 inches (76 centimeters) of mercury gives 2
maximum brake horsepower of about 440 (446 metric horsepower) at a speed of 1,900 revolu-
tions per minute, and a maximum brake mean effective pressure of 124 pounds per square
inch (8.7 kilograms per square centimeter) at 1,200 revolutions per minute. The mechanical
efficiency varies from 90 per cent to 84 per cent from speeds of 1,200 revolutions per minute to
1,900 revolutions per minute, while the brake thermal efficiency, based on the lower calorific
value of the fuel maintains a constant value of 25 per cent over the same speed range.

Above 15,000 feet (4,570 meters) altitude the carburetor altitude control is inadequate
to maintain the proper mixture ratio. The effect of the rich mixture resulting is to cause a
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decrease in power below that which would be expected from the very nearly linear relation
which brake horsepower and mean effective pressure bear to density as long as the mixture
ratio can be adjusted for maximum power. The volumetric efficiency at 1,600 revolutions per
minute decreases steadily with altitude from a value of 86 per cent at the ground to a value of
78 per cent at 20,000 feet altitude.

Under the conditions of this test at an air densmy of 0.0405 pound per cubic foot or 0.65
kilogram per cubic meter, the brake horsepower is about 42 per cent of that at the ground,
and the indicated horsepower is approximately 47 per cent of that at the ground.

CONCLUSIONS.

Such information as is contained in a report of this kind is of most value when compared
with similar tests of other engines. It then furnishes not only a basis for comparing the rcla-
tive value of two engines, but also a means for explaining the causes of the superiority of one
engine over another in any particular phase of performance. This test in itself, however, yields
two conclusions that seem of primary importance:

1. The provision on the carburetors for adjusting the mixture ratio to suit altltude con-
ditions is inadequate for altitudes above 15,000 feet (4,570 meters).

2. In making any changes in this engine to improve its altitude performance—that is,
to decrease the rate at which the brake horsepower falls off with altitude—the two methods
which offer most hope of success are to increase the mechanical efficiency by decreasing friction
horsepower and to make such changes as will prevent the present decrease of volumetric effi-
ciency with increase of altitude.

TABLE A.—English units.

Ground runs. Full power.

e P | car Al Vol Pound
: . o of fue ar- ir Volu- : ounds
A;;I;;rgxl- Revolu- eggfst‘i}g Brake per | buretor | density | metric B’I‘éxgﬁﬁl air per
alt i?u?le tions per ? ounds | borse- | brake | airtem- | (pounds | efficiency (por Y pound
tfest) minute, | ‘P per power. horse~ perature | per cubic| (per ce%t) fuel,
square ggv[;_er (°F.). foat). cent). 0.2,
* ineh}. ¢ ’
1,000 1,220 118.3 302 0.53 59 0.078 85 25 13.3
1,000 1,410 | 118.0 345 53 b9 .073 87 26 14.0
1,000 1,600 114.2 380 54 54 073 84 25 13.6
1,000 1,800 107.8 404 .54 5% 072 83 25 13.9
1,000 1,790 109, 4 408 .52 59 L0713 84 25 14.7
1,000 1,890 103.8 409 .55 60 072 ° 82 24 14,1
1,000 1,800 110.4 414 .53 59 073 83 25 14.1
1,000 1,900 106.3 419 .54 59 073 81 25 14.1
1,000 2,000 98.2 409 .61 59 073 78 22 13.0
TasrLe B.—English units,
Altitude runs. Full power.
Brake
A : g“e%p I(’)Li)_%gs Car- a Ah-'t Volu- Th 1 Pounds
PPIOXL- } payoly- | SHECHVE | Broye per | buretor | SEBSHY. | pmatrie Crma. air
alltl}tatgge tions per ?reﬂég horse- | biake- | airtem- (pmérrxds efficiency’ eﬂimell_ncy gg;d
(feet) minute, | ‘PO or power, | horse- i perature egbic or cenit) pfuel
. s Db ower (°T). cent). . y
Guare our ) foot). +0.2.
inch). - :
Ground 1,620 116.5 393 0.53 59 0.075 86 25 14.3
Ground 1,700 117.0 414 .51 59 075 85 26 14.5
5,000 1,690 100.0 352 .53 41 066 83 25 14.3
5,000 1,610 101.2 339 .58 41 066 85 23 13.0
10, 000 1 82.3 273 .58 26 057 83 23 13.5
10,000 | 1,690 746 269 89 29 056 81 20 12.2
10,000 1,710 79.2 282 .54 28 057 81 25 14.5
15, 000 1,680 59.8 67 14 048 76 20 12.5
15,000 1,590 65.2 216 .67 12 048 81 23 143
20, 0600 1,57 50.¢ 166 .67 8 040 76 20 12.2
20, 000 1,7 44.3 157 .81 32 038 “ 1 11,1
25,000 1,700 24,8 1.41 19 032 w3 9 2.1
25,000 1,580 30.4 101 1.1t 11 033 74 12 10.0
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Tasre C.—English units.

Ground runs.

. ] . . _
Revolu- | Brake | Friction |Indicated density :
horse- horse- horse- | efficiency (pounds
power. | DOWEL. | power. (per pgl_‘
Cﬁﬂt). cunlc
footk).

=

1,200 295 32 328 X 0.073
1100 344 43 387 88 03
12 600 383 35 440 87 073
500 415 69 434 g6 T
1,600 419 7| i 1 07
2,000 410 90 500 82 073
TasLe D.—English units.
Altitude runa.
Alr L Mechani- B.k
density | Brake | Friction |Tndicated| eal Revoln- | WP
(pounds | horse | horse- | horse- |efficiency| tionsper " LB o
pefr cu)bic power. | DOWEL. | Dower. (pexi minute. d ensit\[?) -
oot). cent). v
0.076 | 43 55 | 458 $8 | 1,600 .00 -
066 | 338 54 390 $6 | 1,600 8
.057 i 276 52 328 84 1,600 .68
.048 216 51 267 81 1,600 .
040 163 5 | 213 77 1,600 .40
1033 2% 15 115 86 | 1600 T2
TasLE A.— Metric uniis.
Ground runs. TFull power.
Brake .
eﬁ1:cxet:1_n Kilo- ; p Vol Kilo-
. active grams o ar- : olu-
A%’;@f Revolu- | pressure | Brake | fuel per | buretor d(elé'ﬁét_y metric gﬁggfgil el
altitude tionsper|. (kilo- horse- brake | airfem- efficiency] (per ¥ Eilo pem
(neters), | minute. grams per] power. | horse- | perature cubiger (per cont). fu%erl?
sge%at}f il CCl | metery, | -cenf) £0.2.
meter), -
305 1,220 8.3 306 0.24 15 1.17 5 23 13.3
305 1,410 8.3 350 .24 15 1.17 &7 26 140
305 1,600 8.0 385 _2¢ 12 1.17 St 25 13.6
305 1,800 7.6 419 .24 15 1.13 83 25 13.9
305 1,790 | T.7 414 .23 15 1.16 84 25 14.2 -
305 1,8%0 I 7.3 415 .25 16 1.16 &2 24 14.1
305 | 1,800 ' 78 420 .13 15 1.17 3 25 141
305 1,900 7.5 3 .24 15 1.17 81 25 14.1
305 2,000 i 6.9 415 27 15 1.16 78 13.0
TasLE B.— Metric uniis.
Altitude runs. Full power.
Brake Kl
mean - -
> Alr Kilo-
: effective grams of Car- 5 Volu-
Apprg 31| Revolu- | pressure | Brake | fuelper | buretor d(eés}ét;y metrie Thermal | grams -
fate ltomsper| (llo- | horse- | brake | airfem- i o . efficiency
(ametgrs) minute. jgrams per| power. | horse- | perature sramsp (per
cheﬁf ng{re‘r CCh | metery. | etk =09,
meter). .
Ground. | 1,820 8.2 399 94 15 1.20 86 25 143 o
Ground. 1,700 8.2 420 96 i5 1.20 83 26 145
1,520 | 1,600 7.0 357 &5 4 1.06 83 %5 143
1,520 1,610 7.1 344 o 3} 5 1.06 85 23 13.0
3050 | 1,600 5.8 27 72 —~3 “a1 83 23 13.5
3,050 1,690 52 266 82 — 2 .20 81 20 12.? -
3,050 1,710 5.1 286 63 — 3 .81 81 25 14.5 - -
250 | 1,600 12 212 63 —10 T 7 20 12.5
4,570 1,530 4.6 218 56 —11 JIT 8l 23 14.3
6,040 1,570 3.6 168 51 13 .64 K] 20 12.2 _
6,040 1,700 3.1 159 58 GO .61 Vi 16 1.1 :
7620 | 1,700 1.7 g9 56 -7 52 73 9 a1 j B
7,620 1,590 2.1 102 51 —12 .53 T4 12 10.0 i
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Tavie C.— Metric units.

Cround runs,

[ B ; Alr
. Mechani-t o
Revolu- | Brake | Friction |Indicated] cal | d(eﬁsig_}
tions per | horse- horse- horse- |efficlency! NS Por
minute. | power. | power. | power. (per B i
’ : cent). | motery.
1,200 299 33 332 90 1.17
1,400 349 44 393 89 117
1,600 391 56 447 87 1.17
1,800 421 70 431 86 117
1,900 425 8 503 84 1.17
2,000 416 91 7 82 1.17
Tasne D.— Metric units.
Altitude runs.
i B B
i Alr
density . . Mechani- B.h
(kilo- Brake | Friction ;Indicated] cal Revolu- (b fxp‘
grams horse- horse- horse~ | efficiency; tions It)er Tatl 2'2P'
per power. | power. power. (per minuate. py
cubie ! | cent) density)
meter). |
1.22 409 56 465 | - 88 1,800 1.00
1.06 341 54 395 86 1,600 .83
.91 280 53 333. 84 1,600 .68
i 219 52 ¢ 271 81 1,600 .53
.64 165 51 216 77 1,600 40
.53 97 50 147 66 1,600 24
I - e

OBJECT OF TEST.

This test was made to determine the performance of a Liberty 12 airplane engine. The
engine was operated under such conditions as would vield sufficient information to determine
its value for aviation use. The test wds typical of that ordinarily made on a new type of ongine
in that the completeness of the tests was sacrificed for the sake of reducing the actual running
time of the engine. Such a procedure docs not materially reduce the life of the engine, and
leaves it in good condition for actual flight work.

DESCRIPTION OF ENGINE AND APPARATUS.

(a) Engine.—The engine used was a Liberty 12, U. S., No. 22, 519 standard in every respect.
This is a V-type mofor with 12 water-cooled eylinders. It has a bore of 5 inches (12.7 conti-
meters), stroke of 7 inches (17.8 centimeters), and compression ratio of 5.4. The Zonith car-
buretor used s provided with a manually operated valve for decreasing the fuel flow tv main-
tain the correct mixture under altitude conditions. Mobile B oil was used on the full-power run
on the ground and Liberty aero oil No. 3501 thereafter. Both oils weroe satisfactory, the reason
for the change being of no importance in this test. The X gasoline used conforms to the Air-
craft Production Board’s Specification 3512 for the American Expeditionary Forces, 1918. A
distillation curve of the fuel according to the standard Bureau of Mines method is given on curve
sheet 15.

(b) Apparatus.—The engine was tested in the altitude chamber of the dynamometer Iab-
oratory of the Bureau of Standards. A complete description of this apparatus is given in report
No. 44 of the National Advisory Committee for Aeronautics (No. 52 of the Bureau of Standards
Automatic Power Plant Series). The air from this chamber can be exhausted until its pressure
is reduced to that of the altitude desired, while at the same time the temperature of the air
supplied to the engine can be reducod to approximately that prevailing at the given altitude.
Outside the chamber, apparatus is provided for measuring power, fuel consumption, and all
necessary temperatures and pressures, ~ - :
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PROGRAM OF TESTS.

1. A run was made with wide-open throttle at ground altitude at speeds from 1,200 to 2,000
revolutions per minute. At each speed the spark advance was adjusted for maximum power.
The carburefor was adjusted at each speed to give the least fuel consumption possible with
maximum power. This was accomplished by adjusting the carburetor until the speed and
torque showed that the maximum power had been obtained. The mixture was then wade so
lean that the torque dropped appreciably and then enriched just enough to restore the maxi-
mum power.

2. A run was made with wide-open throttle at speeds of 1,600 revolutions per minute and
1,700 revolutions per minute at the ground, and at altitudes of 5,000, 10,000, 15,000, 20,000,
and 25,000 feet (1,520, 3,050, 4,570, 6,040, and 7,620 meters). At each speed and altitude the
spark advance and carburetor were adjusted as for the ground run with the exeception that car-
buretor limitations prevented the desired adjustment .at the latter two altitudes.

3. A series of runs was made at altitudes of 5,000, 10,000, and 15,000 feet (1,520, 3,050, and
4,570 meters) at speeds of 1,700, 1,600, 1,500, 1,400, 1,300, and 1,200 revolutions per minuts. In
these runs the dynamometer and throttle were so adjusted as to put a load on the engine at each
speed equal to that which would be imposed by a propeller which would absorb the full power
of the engine at 1,700 revolutions per minute. In runs of this type it is assumed that the horse-
power of a propeller varies as the cube of the speed. Thus if 1,700 be the normal revolutions

3
per minute of the propeller, the horsepower at 1,400 revolutions per minute will be %—88— times
the horsepower at 1,700 revolutions per minufe. In these runs the spark and carburefor were
adjusted at 1,700 revolutions per minute af each altifude as in the preceding runs, but were
not altered for the other speeds.

4. A series of friction horsepower runs was made at speeds from 1,200 to 2,000 revolu-
tions per minute both at the ground and at an altitude of 15,000 feet (4,570 meters). In these
runs the engine was operated under power until oil and water temperatures were normal, and
then it was driven by the dynamometer and the power input measured.

METEOD OF OBTAINING RESULTS.

The results of the tests are given in Tables 1 to 9. A detailed record of the complete test
procedure of the laboratory, both in securing data and computing results, is in preparation,
so that a brief explanation here will suffice. The run numbers are those that were used on the
original sheets to designate the different runs.

Altitude was determined by means of the pressure altitude relation adopted by the Aero-
nautical Instruments Section of the Bureau of Standards and given on curve sheet 16. The
pressures used were measured at the carburetor entrance. The engine torque was measured
on a 21-inch (53-centimeter) arm on the dynamomaeter, and from this value the torque in pounds
feet, brake mean effective pressure, and brake horsepower are calculated. The brake horse-
power calculation requires the speed which was obtained with a revolution counter and stop
watch. Temperatures were all measured with thermo couples and pressures with U-type mano-
meters.

The volume of air used was measured by a Venturi meter calibrated in place with a care-
fully tested Thomas meter. From measurements of temperature and pressure, air density,
and then weight of air used per umit, time is computed.

The volumetric efficiency is the ratio of the volume of air which the engine actually takes
in per eycle of-two revolutions to the total piston displacement of the engine per stroke. The
volume of the air used is determined for the pressure and temperature measured at the carbu-
retor entrance.

The thermal efficiency Is the ratio of the heat equivalent of brake horsepower to the heat
equivalent of fuel supplied. The lower heating valuc of the fuel is used, which for gasoline is
18,940 British thermal units per pound (34,100 calories per gram).

4
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In calculating the heat distribution on Table 2, the higher heating value of the fuel (20,320
B. t. u. per pound; 36,600 calories per gram) is used

Heat in the exhaust is obtained by an exhaust calorimeter method and the residual heat by
difference. The latter includes the heat equivalent of the unburned fuel that goes out the ex-
haust. Power developed by the burning of the lubricating oil has been neglected in heat balances
chiefly because of the difficulty in determining just how much of the oil consumed is actually
burned on the power stroke.

The brake horsepower and brake mean effective pressure obtained on the ground run are
converted to standard barometric pressure by multiplying the values actually obtained by the
ratio of 29.9 to the actual barometric presgsure in inches of mercury.

The results shown in Table 9 are taken from the curves at given speeds. The indicated
horsepower is obtained by adding the brake horsepower to the friction horsepower. The me-
chanical efficiency is obtained by dividing the brake horsepower by the indieated horsepower.
In obtaining the friction horsepower at different densities its value at 1,600 revolutions per
minute at the ground and at 15,000 feet (4,570 meters) was taken, and it was assumed to vary
linearly with air density between these points. Previous tests show this to be close cnough to
the true rilation to justify this assumption.

RESULTS.

The more important results of the ground tests are shown on curves 1 to 5, inclusive. The
maximum brake mean effective pressure of about 118 pounds per square inch (8.3 kilograms
per squarc centimeter) was attained at 1,200 revolutions per minute. The maximum brake
horsepower occurs at about 1,900 revolutions per minute, which is the peak of the curve, tho
power falling off rapidly thereafter. The atmospheric pressure was such as would be equivalent
to an altitude of about 1,000 feet (305 meters), and the results that would be expected under
standard barometric pressure are shown on sheet 2. This shows a maximum brake mean
offective pressure of 124 pounds per square inch (8.7 kilograms per square centimeter) and

maximum brake horsepower of 440 (446 metric) horbepo“ er. Thereason for the “fattening out”
or peaking of the brake horsepower speed curve is due usually to two major causes—the increase
in friction borsepower with speed and the decrease in volumetric efficiency. A study of the indi-
cated horsepower speed curve on sheet No. 3 shows a maximum at about 2,000 revolutions per
minute. This curve was obtained by adding the friction horsepower to the brake horsepower
at the different speeds, hence the flattening of this curve is due to decreass in volumetric officiency.
The curve at the bottom of the sheet shows how closely the power developed is related to the
volumetric efficiency of the engine. On this curve the ratio of the indicated horsepower at cach
speed to the indicated horsepower at 2,000 revolutions per minute has been plotted, and also
the ratio of pounds of air used per hour to the pounds of air used per hour at 2,000 revolutions
per minute. The curves are practically identical. In studying the mixture-ratio curve plot-
ted from values taken from curves of pounds of air per hour (sheet 4), it must be remembored
that the mixture and pounds of fuel per hour were adjusted by hand at each speed, so that the
shape of the curve and the values themselves in no way represent a carburetor charaeteristic.
It is not clear at the present time why these values should be the ones to give maximum power
and minimum fuel consumption, but the accumulation of data of this sort, together with further
research based definitely on this subject, should furnish an explanation. On sheet 5 is shown
the heat distribution. At 1,700 revolutions per minute, the normal speed of the engine, the heat
in the fucl supplied is about 4.3 times that realized in brake horsepower, and the heat in the jacket
is about half that developed in brake horsepower; under the same conditions the heat in the
exhaust is nearly 1.7 times and residual is about 1.1 times that realized in brake horsepower.
It should be remembered that the residual heat is the difference between the heat in the fuel
and that which appears in brake horsepower, in the jacket, and in the exhaust. Hence the resi-
dual heat includes the heat value of the unburned fuel which goes out of the exhaust.
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The curves from 6 to 10, inclusive, show the effect of change in altitude on engine per-
formance. Since it is the change in air density with change in altitude which is the fundamental
cause of these changes, it is against air density that these curves are plotted. For convenience
in interpretation of the results, from the standpoint of barometric pressure, vertical lines have
been drawn through the plotted points and the approximate barometric pressure noted.

For a proper understanding of the altitude curves, the curve of pounds of fuel per brake
horsepower hour on curve sheet 6 and pounds of air per pound of fuel curve on sheet 9 should be
noted. It will be observed that the mixture became extremely rich as the altitude was increased
above 15,000 feet (4,570 meters), due to the fact that the adjustment was at its leanest position
at this altitude, and it was impossible to secure the desired mixture beyond this point. The result
of this richness of mixture of course manifested itself in extreme fluctuations of speed and torque,
and excessive fouling of spark plugs. It will be noted on curve sheet 6 that the brake horse-
power and brake mean effective pressure vary linearly with density up to the point where the
abnormal mixture ratio results in their decrease. On curve sheet 7 is plotted the ratio of the
indicated horsepower, pounds of air per hour and brake horsepower at a given density to their
corresponding values at a density of 0.076 (approximately ground altitude). It is seen here,
again, that as long as the mixture ratio was held within reasonable limits the percentage change
in indicated horsepower was the same as the percentage change in weight of air received by the
engine.

The rate of decrease of brake horsepower over indicated horsepower is more rapid with in-
crease of altitude as the friction horsepower does not decrease nearly as rapidly as the brake
horsepower and therefore becomes a greater and greater per cent of the brake horsepower. It
is of Interest to note that on this engine the volumetric efficiency drops steadily with altitude to
the extent of a 12 per cent decrease at 25,000 feet (7,620 meters) over what it was at the ground,
this, of course, being a vital factor in causing the decrease of power. In studying the curves on
sheet 10, it must be remembered that it is the carburetor that is directly responsible for the high
“‘heat in fuel over heat in brake horsepower” and ‘residual heat over heat in brake horse-
power” values, and that indirectly it is responsible for the final high values of “heat in the
exhaust over heat in brake horsepower” and ‘‘heat in jacket over heat in brake horsepower,”
throngh the resulting low power.

Comparison of the “Propeller load” curves on sheets 11 and 12 will show that fuel-consump-
tion curve is influenced strongly by the carburetor characteristics as shown by pounds of air over
pounds of fuel curve, it being remembered that the carburetor was only adjusted for 1,700 revolu-
tions per minute in these cases.

CONCLUSIONS.

The greatest value of such data as is contained herein can only be realized by its comparison
with a number of results obtained on other engines. This not only enables the engines to be
judged as to their relative value for a given type of work but also indicates reasons for superior-
ity in performance of one type over another.

There are two outstanding conelusions, however, to be drawn from the test itself—namely,
that the carburetor control is inadequate above 15,000 feet (4,570 meters}; that the most prom-
ising line of development for improved altitude performance lies in increased mechanical effi-
ciency through decreased friction horsepower, and in such changes as will prevent the decrease
in volumetric efficiency with increase in altitude. '
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TaBLE I.—English units.

Ground runs. Full power.

; : Pounds Temperature (° F.). ol | Mani-
T Brake Baro-
Ap- | Revo- of fuel pres- | fold <
Run X proxi- | lutions (Torqu(lle g?ieg'crf ]lgrake Po ‘}ﬁéils bpell; - sure |suction nrl\%t;lc
un No,| mate T oun 3 Orse- rake : =
altitude Igien- I%eet). t;vg power. hpof]i horse- Oil. Jacket water. | ogrpy.
(feet). | ute. gu;}e- . “ | power : retor !
. our, air,
Inlet. | Outlet.| Inlet. ; Outlet.
5A... 1,000| 1,220 1,202 ] 118.3| 302 162] 0.5 sl w2l 147 167 59 35| 0.6} 28.8
6A... 1,000} 1,410 1,289 118.0 345 182 .53 84 156 137 155 59 36 .81 28.6
7TA.. L0001 1,600 1,248 114.2 380 206 .54 88 164 150 165 54 40 1.0} 28.3
S A .| 1,000 1,800 1,176 107.6 {« 404 219 .54 88 164 134 151 59 41 1.3 ] 28.1
9 A .| 1000 1,790 1,195| 109.4 408 210 .52 88 162 133 151 59 41 1.1} 283
10A...| LO00O| 1,800 1,133 | 103.8 409 226 .55 .98 175 138 152 60 41 .31 28.3
1B.. 1,000 | 1,801 1,204 | 1104 414 218 .53 80 160 143 162 59 43 L1 235
2 B...| 1,000 | 1,901 1,162 | 106.3 419 224 .54 91 176 145 163 59 40 1.3} 28.4
3B... L000| 2,000 1,074 98.2 409 248 .61 a8 194 147 165 59 41 1.4 28.3
Tasre IL—PFEnglish units.
Ground runs. Full power.
Hea% diitriltlxution based on Heat dilsltribt_lti(fm})ased on
rake horsepower. gat in .ue . Air Vol Ther. Pounds
E— == = ?ensit Po;zlgds mef%ric 18] offi- of air
; 3 ’ - pound | ofair | efi- |%&f per
Run No. | geat in | Heat in | T8 m} Resid Eg?sl‘: Tacket | EX- | Resid-|" per per | clency c.t(em;y pound
e - : haust | ual | eibic | hour. | (per DL of fuel
. . ower | (pel cent).
, p(per cenit) {per {per | foot}. cent). +0.2
. ctht). 4 [ cent). | cent).
5 A. 4.3 0.57 1.8 0.8 23 13 42 221 0.073 | 2,140 85 25| 13.3
6 A 4.2 .53 1.7 1.0 24 13 40 23 Q73 | 2,530 &7 26 | 14.0
7A. 4.3 .46 1.7 1.2 23 11 .38 28 073 | 2,80 84 251 13.6
8 A 4.3 .53 1.8 .9 23 12 43 22 072 ) 3,030 83 251 13.9
g A, 4.1 .56 19 .6 24 14 46 16 073 | 8,100 84 25 14.7
10 A 4.4 44 1.8 1.2 23 10 41 26 L0721 3,190 &2 24| 4.1
1 B. 4.2 .56 1.9 .8 24 13 44 19 .073 | 3,080 83 251 4.1
2 B. 4.3 .55 1.9 .8 23 13 45 19 073 | 3,170 81 25 4.1
3 B. 4.8 .64 2.0 1.2 21 13 41J 25 073 ) 8,220 78 221 13.0
Tasre III.—English units.
Altitude runs. TFull povwer.
L - . Manifold suction
i’éﬁane Temperature (° F.). ) (inches hg.).
e Pounds __ . 0il Baro-
Approxi- lléfigg’s Torque| 1" | Brake | Pounds of f‘;el - e metrio
Run mate r |( z?nd pres- ho?*e- of fuel bF;ke Oil, Jacket water. (pounds pres-
No. | altitude | DT [(BO sure S per po Cylin- | Cylin- | sure
2 £ min- | feet). power. horse- Carbu-}  per g
(feet). ute. (pounds hour. wror Tetor | square er der | {inches
’ per our. air, | iachy | 438 | 1:2-3 | bg).
square Inlet.| Outlet. | Inlet. Outlet. R. 2
inch). :
5 C..|Ground. | 1,620 | 1,273 | 116.5 393 208 0.53 82 145 145 166 59 43 1.4 1.1 29.3
6 C..| Ground. 1,700 | * 1,279 | 117.0 ~414 212 .51 164 143 163 59 41 1.2 .2 20.2
7 C.. 5,000 | 1,680} 1,094 | 100.0 —352 187 .53 91 164 135 153 41 39 1.0 97 25.1
g C.. 000 | 1,610} 1)106| 101.2| 332! 198| .58 | 95| 167 135| 153| 41 of 11 6] 250
9 C..| 10,000 | 1,600 900 82.3 273 158 .58 95 166 130 146 2 38 4 5 o208
10 C..| 10,0006 1,65 815 74.6 ~262 180 .69 85 156 133 149 29 42 .8 3 20.8
1D. 10,000 | 1,710 866 79.2 -282 153 .54 74 142 137 149 26 45 1.¢ 81 2.8
2D, 15,000 | 1,600 653 59.8 -20% 13 67 72 162 156 172 14 36 .8 Loy 17.2
3D. 15,000 | 1,590 713 65.2 216 123 .57 74 165 138 155 12 34 .2 .4 17.1
4D 20,000 1,570 556 50.9 166 112 .67 93 165 144 154 8 30 .8 B 142
5D. 20,000 1,700 4383 44.3 :157 128 .81 83 155 156 170 32 34 .6 .6 14.2
6D. 25000 1,700 271 24.8 88 124 1.41 83 © 158 151 158 19 2% .6 .61 117
7D. 25,000 | 1,580 332 30.4 10 113 111 92 164 149 156 11 28 .6 <51 119
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TABLE IV.—English uniis.
Altitude runs. Full power.
, ‘ :
Hleat distribution based on | Heat distribution bosed on heat. { :
e horsepower. in fuel. Alr Valu- Ther- Potmds:
T T = T denslzy Pognds m;ﬁtiric’ EI ofair |
N o id- i .. (pound | ofair | effi- : effi- per
Run No. | Heat tHe_atm! Heat | Resid-) Brake| = | Ey | Resid-: per { per |ciency| ciency | pound
SR uelbeaf) hotse . Jacket | poyst | ual | cuble | h ¢ 1 fuel
: . +(heat| power| (per | 2 our. | fher o g
. . ‘n (per | cent). (per (per | foof). cent). | cent). ; +£0.2.
- “ ol prb.hop cent). cent). ; cent).
I r
42| 062| 20 0.6 2 35 A7 4] 0.075 | 2,99 g 25 143
4.1 .58 19 .6 2 £ 46 6] .075| 3,070 | 26| 14.5
4.3 BlY L9 7 23 14 45 18] .066] 2,600 &8 25| 143
46 601 LS T 21 13 39 27| -086| 2,560 &5 231 13.0
46| .66 L9 1.0 22 14 42 2l .057] 2,130 83 23] 135
0 5.5 i Le 1.9 18 13 34 55 .81 2,1%0 st 0] 122
1D....] 43 .51 | 1.8 1.0 231 - 12 49 3| .87 2,20 gL, 25| 145
2D...| 53 83| Lg 15 19 17 35 26! 048] 1,740 w0 125
3D...1 46 & 2l il 22 19 4 4] 048] 1,750 8t 230 143 ¢
4D...1 53 657 18 19 13 12 33 36| .00} 1,350 76 0] 122 |
5D...1 £5 641 L9 2.5 15 16 29 0§ .038] 1,420 77 16| 111
6D....| w2y .55, 28! &z g g 3 .32 1,130 73 3] o1
7D... 89 -8 2.3 4.8 1 9 25 5| .83 1,10 T4 2] 10.0
TaBLE V.—English units.
Propeller load runs.
| i
| R Pound of Baro- !
‘ A%E’;?:" Revolu- | Torque ?nr:a%: Brake (Poundsof ﬂg‘f‘&? metric. |
Run No. | imtid, itionsper| (pound | .gossive | home- | fuelper [ piH> | pressure }
i (feet). minute. : feet). pressure. POwErL. hour. power (Lélgd;es !
! hour. et t
- !
$ Do 15,000 1,710 538 59.3 212 142 0.67 17.2 ‘
1E..... > 000 1,640 | 590 347 186 107 .57 174 |
b2E] 15,000 1,530 | 514 47.1 130 7 .51 17.2 .
i 3 E... 15000 1,400 | 447 40.9 19 69 .58 17.3 |
ioaE] 15000 1,300 30l 35.7 97 61 .63 16.9 |
{5 E.o... 15,000 1,210 331 30.3 76 54 st 7.4 |
| 6 E....- 10,000 1,690 70 70.6 250 164 .5 20.7 |
¢ TE...] 10,000 1,610 | 769 70.3 236 121 .51 2.8 |
% E.....l 10,000 1,460 | 665 60.8 8 92 -50 205 |
Yy E..... . 16,000 1,300 ¢ 580 53.1 153 71 461 206 !
W E. .. 10,000 1,300 508 6.3 1% 62 .49 20.7
1L E..... 10,000 1,190 430 39.4 9 53 .55 0.7 l
12 E... 5,000 1,89 1,051 2.1 338 167 .49 2.0
13E..... 5,000 1,620 o75 29.2 300 16 .40 2.1 |
1$ E.o.. 5,000 1,510 865 79.1 249 121 Az o249
1B E....l 5000 1,410 | 749 67.7 19 a7 .49 25.0 |
16 E..... 5,000 1,320 ! 636 60.0 185 22 .49 249 |
1ITE....} 500 1,200l 544 49.8 124 63 .51 24.9 !t
TasLe VI.—English units.
Propeller load runs.
‘ Temperature (°F.). M%péggsst\;;gz'on .
densit Pounds of
Poundsof -~ -
(poun: : alr per
| Run No. oiL Tocket water. . per | TP | ponnd of
i : Carbu- ! Cylinder, Cylinder| cuble © jfuel+.02
i retorair. | £5-6 R.: 123 L. [ fooi).
| Tnlet. | Outlet. | Inlet. | Outlet. -
I
i g, 158 144 158 0.7 0.7 0.047 1,750 12.4
! 75 139 14 158 25 1.1 2.1 047 1,610 15.0
87 l 155 142 155 | 14 2.0 3.3 048 1,430 126
i 83 156 147 159 14 2.2 6.5 048 1,110 6.1
| al 15 150 163 % 5.3 £9 1046 80| 145
&2 147 140 151 16 6.0 7.1 a8 716 L1
88 162 147 183 % .8 .8 .036 2,170 13.3
: %3 163 137 152 2 1.5 2.1 056 1,930 16.0
; % 165 143 158 29 3.3 48 056 1,520 16.5
: o1 186 153 168 % 49, 45 .06 1,300 18.3
I E 76 128 129 143 7 6.2 ; 5.3 J057§ 1,000 17.6
E 77 139 156 166 %5 6.4 g1 ~057 940 \ 7
E 25 160 145 162 42 Lo 1.0 (0661 2,510 15.7
| BE 8 164 139 136 4 21! 1.8 J0667 2,330, 180
E 91 162 136 152 42 2.0 2.6 (67| 1,970 16.3
| 15 E o2 160 128 154 40 4.4 3.9 066 L0 1.7
| I6E o 157 137 152 a1 5.9 53 L0661 1,400 18.2
L 1B 8 153 14 158 & 8.4 7.1 .066 1,zool 19.0
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TaBLE VIL—English units.

Friction horsepower.

Temperature, (° T.).
N Baromet- Air
Afl’l?;fg' Revolu- | Friction ric density .
¢ Run Ne. altitnde tions per | horse- | pressure | (pound s Oil. Jacket water.
(Feety minute. | power. | inches |percubic : ' Car-
: Hg. foat). buretor
. Inlet.” | Outlet. [ Inlet. | Outlet. alr.
15,000 1,210 30 0.046 g1 170 154 155 32
15,000 1,410 41 047 a2 156 157 158 28
15, 000 1,610 52 047 &4 156 162 | 163 28
15,000 1,790 61 L047 100 162 165 160 27
2000 | 1,980 70 .047 107 173 151 168 28
Ground. 1,200 33 071 9% -151 166 167 90
Ground. 1,400 43 . 071 96 |, 155 167 168 93
Ground. 1,600 - 55 070 G5 157 167 168 97
Ground. 1,800 = 69 . 069 97 159 171 172 100
R b .
TaBLE VIII.—English units.
Ground and altitude runs.
l | | 7 7 : ; ] 7 Lb 7
Lb.air{ « Approx- -air
Me- p : pet Me-
per ;| imate-| Air X : .. | B by,
ReTo- | prgye | Fric- | Indi- | hour+ |I.h. p. chani-| “or laensity . | Tric- | Tnai- [Bour + Lh.p.+ chani-| Revo- +<b.%1‘.
4 : P cal S Brake | ; (b.air{(i.h.p.| ecal |lutions
lutions tion |cated | (Ib.air |+(Lh.p. density | (pound " tion | cated . at
per hg"‘;.sgr' horse- | horse-{ per |at?,000 ciee{r?é (pound | per ht;)‘?g: horse- | horse-| [PET aég.O:G iegl' | B 076
minute.; PO¥ [power. [power.| hour Ir.p.m.). ( ¥ | “per | cubic | PO¥ET Ingwer power. a.t((})O"ﬁ sit,rs C(O hey i | den-
at 2,000 ce%t) cubic | foot}. preedd B A Uiee | siiyy,
TP} foot). len- cent).
. sity)
{., 388 222 i;:g 3§§ 0. gg 0. gg ' gg 0. 873 Q. 8{7}'6 §03 58 458 1.00 100 88| 1,600( 1.00
34 387 B . L0738 . 066 36 54 390 .8 .88 8 | 1,600
: 1: GO0 385 55 440 .87 .88 87 .073 L 057 276 52 328 72 W72 84 1: 600 .G8
I 1,800 415 69 484 .95 .97 86 . 023 . 048 216 5l 287 .88 .58 811 1,600 .83
1,900 419 77 496 .98 .99 84 073 . 040 163 50 213 .46 .46 771 1,600 .40
2,000 410 80 500 1. 00 1.0¢ & L0783 . 033 96 49 145 .36 .32 66 | 1,600 .2
. TasLE I.— Metric units.
Ground runs. Full power.
B ) Brake .. Temperature (°C.).
- mean i P . .
. B effec- Kilo- N 011 Mani-
p?or;:-i- Revo- tive 1 Kile- | B8 Ofl. Jacket water. IS]{ICI‘: 2%13_ rgg{gc
mate |lutions ’Igclg%‘fe grisg Bralke | grams of 2;91 2 (kilo- | tion | pres-
Run No. aiti- per or kliIlO- horse- | of fuel blr) Lo b grams, | centi- | sure
tude | min- ntie%é?) atns | POWer. | per | prAtS Car- | "per | meter | centi-
t(me)- ute. - grpe.r Hour. | O0%0 . bl;ﬁmf squaro Heg. mlgter
ers). Inlet. | Outlet.| Inlet. ; Outlet. ¢+ centl-) eyl 8.
. Squate ours. : meter). 4-5-6 .
meter.
5A 3054 1,220 179 &3 306 73 0.24 27 61 64 75 15 2.5 1.4] 72.6
[ 3051 1,410 178 8.3 350 82 24 29 69 58 §8 18 2.5 2.01 727
GO mIvel o omn owmog E 8] 8l E B B R
e B i . N .
L 9AL 305 1?790 165 7.7 414 95 .23 31 72 56 66 15 2.9 2.7 72,1
Tl Rlvmomonom) o8l Bl s kB 0B g s
. 3 27 be! T2 15 3.0 . 72. 4
2B.... 305 1:900 1681 7.5 425 102 24 33 80 63 73 15 2.8 3.3 7.3
3B.. 305 | 2,000 148 6.9 415 113 27 37 S0 64 74 15 2.9, 3.5] 72.0
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TaBLE II.—Meiric units.

Ground runs. Full power.

v
! Heatdistribution based onbrake | Heat distribution based on heat
| horsepower. in fuel.
. : Adr Volu- Th Kilo- -
Cod ' density | Kilo- | mefrie [ o STamSOL
R ; el Rest (kilo- |gram of| effici- 2alefli- alr per
10 NO-| froqt in' Heat tn! Deot I Resid- | Brake k Ex- | Resid-| grams |airper | ency | Coney | idlo- d
fgel = © - ¢ + €x- ual horse- | Jacket haust al per hoter. !_ T gram o
Gl L peeteleee oo ) G Gu e | MG o g
E bkh.p.).i -+ hup).b.hp).) cent). cent). | cent). !meter).
| |
! ] A
5A.. 431 0.57 1.8 0.9 23 13 42 22 117 970 85 25 13.3
6A.. 4.2 .53 L7 1.0 24 13 40 23 1.17 ; 1,130 &7 267 140
7TA.. 4.3 ¢ .45 1.7 1.2 2] 11 38 23 117 5L,%0 84 23| 13.6
S A 4.3 | .53 1.8 .9 23 iz 43 22 L1535 | 1,3%0 83 2% 13.9
GA.. 411 .58 1.9 .6 24 14 46 16 116 [ 1,400 4 251 147
10 A, 4.4 .44 1.8 1.2 23 10 41 26 1.16 1,430 82 24 14.1
1 B.] 4.2 .56 1.9 .8 24 13 44 i9 L17, 1,40 83 251 141
2B.. 4.3 1 .55 1. R 23 13 45 19 Li7| 1,440 81 25| 14.1
3 B.. 4.8 .64 2.0 1.2 21 i3 41 25 116, 1,480 78 22§ 13.0
Tasre 1I1.—Metric units.
Altitude runs. Full power.
Brake '; . Manifold sue- l
Tean | Temperature (°C.} on tiom centime- i
effec- Kilo- f! pres- ter Hg. Bagl_- !
tive . T o sare metric ;
Aporox Revoluporgue il pore 0 7 o (e e
- altitude - (kile- | horse~ ' * .ge | Oil. Jacket water. grams sure
(meters) Ifctte mgggg) BIBIS | DOWEL. | pgfyy, | LuLSe- per i . | (CeTEE,
- E *} per - | power. | Carbu- square Cylin- ; Cylin- | meter .
square hour. refor | centi- | der_ | derL Hg). :
centi- i Inlet. | Outlet.| Infet. |Outlet.| 3T~ |meter)|+F6R. 1-23 L. i
meter) | |
' L
. I
5 C..| Ground .| 1,620 176 8.2 399 91 0.24 . 28 63 63 74 13 3.0 3.5 2.9 .5 |
6 C..| Ground.] 1,700 177 8.2 420 96 .23 i 29 3 61 3 15 2.9 3.1 3.1 | 743 [
7C.. 1,520 | 1,620 151 7.0 357 83 .24 33 T4 57 67 4 2.7 2.6 2.5 63.8 '
2C.. 1,520-| 1,610 133 7.1 344 90 .26 . 35 75 57 67 5 2.8 2.8 L5 63.6 |
9C.. 3,050 [ 1,600 124 5.8 277 72 .26 [ 35 74 54 63 =3 2.7 1.1 L2] 529 ,
16C-. 3,050 | 1,690 113 5.2 266 82 3 29 69 58 65 — 2 2.9 1.9 0.8; 52.8 |
1 D.. 3,050 | 1,710 120 5.6 286 69 24 23 61 58 63 -3 3.2 2.7 2.3 1 52.8
2D, 4,570 ¢ 1,690 %0 4.2 212 63 .30 | 31 S8 69 8 ~—10 2.5 2.2 2.6} 43.6 !
3 D 4,570 1 1,590 99 4.6 219 56 26 34 82 59 68 —11 2.4 0.5 1.0, 43.5 |
4 D.. 6,040 | 1,570 7 3.6 168 5L .30 [ £ T4 62 67 13 2.1 1.9 2.1 I 36.1
5 D.. 6,040 | 1,700 67 3.1 139 58 .36 . 28 63 69 o 1] 2.4 1.5 i4. 360
8 D.. 7,620 | 1,700 37 1.7 89 56 .63 ¢ 31 70 66 70 -7 2.0 1.5 1.6 28.7 |
7D.. 7,620 | 1,580 48 2.1 102 5L .50 | 33 3 65 69 —12 2.0 1.5 1.4} 30.1 {
TasLe IV.—Melric units.
Altitude runs. Full power.
! | Heat distribution based on brake | Heat distribution based on heat .
| horsepower. in fuel. Alr Kilo-
. density Volu-
(silo~ | Kilo- | metric | T5eL- ETAmSOL
Rua No F ‘Heat in| Resid-| Brake Ex | Resig- | s gramsof effier (8167 SER0F
AN - I3 .. S - s - - . < (i |-
jHeat in;Heat In =70 ual | horse- | Jacket | haust | ual |, pu%rre E};Eﬁr e(li-,g per loram off
. . +! beat + | power | (per (per (per Ngen‘i- . £) cent). | fuel
. . noltheatinl (per | cent). | cent). | cent). mete"r) cent). +0.2.
[" . - Llpj.b.hp.)t cent), -
i I .
5C.... 4.2 0.62 | 2.0 0.6 24 15 47 14 1.20| 1,350 26 25§ 143
6C...- 4.1 -58 1.9 -6 24 14 46 16 1.0 | 1,390 85 26§ 14.5
7C.... 4.3 .61 L¢ .7 23 14 45 18 1.06) 1,220 83 251 143
8C.... 461 .60, 1.8 .7 21 13 39 27 1.06) 1,160 85 231 13.0
3Ca.n- 4.6 .86 ‘ L 1.0 23 14 42 22 .91 970 &8 23] 13.5
10C. ... 5.5 LI 1.9 1.9 18 13 34 35 K 930 81 20| 12.2
1D.... 4.3 W51 1.8 1.0 23 12 42 23 L1 | 3,010 81 251 IL&
2D.... 5.3 .63 | 1.9 1.5 19 17 35 29 JTT 7 6 20} 12.5
3D.... 4.6 L850 . 2.1 1.1 22 19 45 ¢ 14 T ki 81 23 143
4D.... 5.3 .65 . 1.8 1.9 19 i2 3 i 36 LG4 620 6 20 122
5D.... 6.5 .64 | 1.9 2.5 15 i6 29 40 .61 640 T7 16 11.1
§D..... 1L2 .95, 2.6 6.7 g g 23 60 .52 516 73 9 9.1
TD.... 8.9 .80 2.3 4.8 11 g 25 53 .53 510 T4 12 10.0

vt
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TaBLE V.— Metric units.

Propeller load runs.

Brake
f:énezm Xilo- (B
- effective - rams of aro-
Agggm— Revolu- ‘lzc}’;ri%fe pressure | Brake gnlé(s}‘of B metrie
Run No. a.lt'tu?ie tions per Sy (kilo- horse- | 8% fuel  |Per brake pressure
(melters) minute. mggt er). BT80S per| power. or hour horse- | (centime- i
; : )+ 17 square Per DUl nower .iers Hg.).
centi- hour.
meter.
8D 4,570 1,710 74 4.2 215 84 0. 30 43.7
1B 4,570 1,640 83 3.8 189 48 .96 44,1
2B 4,570 1,530 71 3.3 152 35 .23 43.7
3B 4,570 1,400 62 .29 21 31 .26 43.8
4B 4,570 1,300 54 2.5 43 28 .28 43.0
& E 4,570 1,210 48 2.1 78 25 .32 44,1
6 E 3,050 1,630 120 5.6 284 T4 .26 52.5
7E 3,050 1,610 106 4.9 239 55 .23 52.7
8 E 3,050 1,460 92 4.3 187 42 .22 52.1
3E 3,050 1,360 8¢ 3.7 155 32 .21 52.2
0 E 3,050 1,300 70 3.2 128 28 .22 52.7
1t E 3,050 1,150 59 2.8 99 24 24 52.7
12 E 1, 520 1,600 145 6.7 343 76 .22 63. 5
13 E 1,520 1,620 135 6.3 304 66 .22 €3.7
14 B 1,520 1,510 120 5.6 253 55 .22 63.2
15 & 1,520 1,410 102 4.7 202 44 .22 63.6
16 E 1,520 1,320 a1 4.2 167 37 .22 63.3
7TE 1,520 1,200 15 3.5 126 20 .23 63.4
TaBLE VI.— Metric units.
Propeller load runs.
o Meanifold suetion
Temperature (° C.). (contimeters Hg.). Air i
: . density | Kile- ng'or
Run No (kilo® | grams of gén_ >
: Oil. Jaclket water. grams per &ir per kilog?ams
Carbure- | Cylinder | Cylinder| cubie hour. gy £0.2
. ’ torair. | 4-5-6 R, | 1-2-3 L. | mvter). e
Inlet Outlet Inlet. Outlet.
8D 31 70 62 70 -1 L7 L9 0.75 790 12.4
1B 24 60 62 70 — 4 2.8 5.2 .78 730 15.0
258, 31 i3 61 63 —10" 5.0 8.3 77 650 13.6
3 E 31 89 64 71 -10 5.5 16.4 W77 510 16.1
4 E 27 83 65 73 — 4 13.5 12.4 .74 400 14. 5
5E 28 64 60 66 — 49 15.3 17.9 .78 350 4.1
6 E 31 72 64 73 — 3 2.1 2.1 .90 990 13.3
7E 34 74 58 [ird -2 3.7 8.3 .90 870 16.0
S E 34 74 62 70 — 2 8.3 12,2 .89 690 16.5
9K 33 74 67 76 -3 12.5 iL5 90 500 18.3
~10E 24 52 54 62 -3 15.7 13.4 .9 4% 17.8
11 E 25 59 69 74 -4 16.3 20.5 .91 430 17.7
2K 30 7L 63 72 5 2.4 2.5 1.06 1,190 15.7
13 E 32 73 60 69 5 5.2 4.7 L.0§ 1,060 16.0
14 E 33 72 58 67 6 7.6 8.7 107 890 168.3
15 B 33 7l 59 87 5 11.1 10. ¢ 1.06 780 17.7
16 B 3z 69 59 67 5 15.1 13.5 1.06 670 18.2
I7E 31 67 62 70 5 21.4 18.0 106 540 1.0
TaBLE VII.—Meiric units.
Friction horsepower.
Baro. Air Temperature (° C.).
Agﬁgj" Revolu- | Friction | metric d(e]?isllot‘y
Run No. aititude tions per | horse- Pressure |, o o per| Qil. Jacket water.
(meters). minute. | power. (cen%__n:w-b cubié Carbure-
ters Hg.). meter). |7 tor air.
. Inlet. | Outlet. | Inlet. Qutlet.
2 E 4,570 1,210 30 0.75 33 76 68 63 o |-
27 E 4,570 1,410 41 .75 33 69 70 70 —2
2B E 4,570 1,610 52 .75 34 69 72 78 -2
20 E 4,570 700 61 .75 38 72 74 74 -3
A E 4,570 1,980 70" .75 42 78 68 76 —2
31 E (13 1,200 33 1.14 37 86 74 75 32
32E (1 1,400 43 1.13 35 68 75 i) 34
3B E ()] 1,600 55 1.12 35 69 75 76 36
M E ) 1,800 69 1.11 36 71 77 78 38
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Tasre VIIL-—3Meiric units.
Ground and altitude runs.

. Approxi-
Krg]'n?)gr I.h.p. | Mechani-, mate air
Revolu- | Brake [ Friction |Indicated| Be(k air] i i35 caledli- | density
tions per | horse- { horse- | horse- |~ rgzmr a2 080 ciency | (kilo
minute power. | power. | power. pe 2 (per [er;
f“‘ 2*&0()) L.P-I)- | cent). | cubic
-p-m.). maeter).
1,200 299 a3 333 0.6+ 0.66 €0 1.17
1,400 349 44 393 .78 JIT 83 117
1,600 391 56 47 .87 .88 87 1.17
1,800 421 70 491 .95 .97 &6 1.17
1,900 423 i) 503 .88 .99 81 1.17
2,000 416 91 507 L0O 1.00 82 .17
Alr
H Kg. alr
+ density : .| Mechan.
" (kilo- | Brake !Friction gau?eg ?gr_hour I.h],lp.-r Teal effi- Revolu- Ei.hilp.
s | horse- | horse- <+(kg.airy (. h.p. clency tions i+(b.h.p.
T wer. wer horse- |perhour| at 1,22 (per | DerImin- at 1.22
cg%ic DOWEL. | DO * | power dat 1.22 |density). cent). ute. i(density)
meter) ensity).
1.22 409 56 465 1.00 1.00 &8 1,600 1,00
1.06 341 54 395 .85 -86 86 1,600 .83
.91 280 53 333 .72 .72 & 1,600 .68
i AT 219 52 271 .58 58 81 1,600 .53
| .64 165 18 216 .46 -4 T 1,600 .40
i .83 a7 50 147 .36 .32 66 1,600 .24

b
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